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(71) We, Badische Anilin- & Soda- 
Fabrik Aktiengesellschaft, a German 
Joint Stock Company, of Ludwigshafen/ 
Rhein, Federal Republic of Germany, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to an improved pro- 
cess for the production of propargyl alcohol 
by reacting formaldehyde with acetylene. 

It is known from British Patent Specifica- 
tion No. 508,062 that propargyl alcohol is 
obtained by reacting aqueous formaldehyde 
with acetylene , in the presence of copper, 
silver, gold or mercury or a compound 
thereof. The yields of propargyl alcohol 
achieved in these methods are however less 
than 10% of the theoretical yields. According 
to other methods described in British Patent 
Specification Nos. 508,062 and 676,601 and 
in U.S. Patent Specification No. 3,087,970 
better yields of propargyl alcohol are 
obtained by reacting aqueous formaldehyde 
with acetylene in the presence of solvents for 
acetylene and in the presence of copper 
acetylide. The methods have the disadvant- 
age however that relatively large amounts of 
formaldehyde are not reacted and have to be 
separated from the propargyl alcohol at great 
expense. It is also known from the process 
described in U.K. Patent Specification No. 
968,928 that the reaction of aqueous formal- 
dehyde with acetylene in the presence of 
copper acetylide which has been activated 
with alkali metal or alkaline earth metal 
bromides or iodides, results in the formation 
of propargyl alcohol, the formaldehyde used 
being largely consumed. This method has the 
disadvantage that the alkali metal or alkaline 
earth metal halides used as activators are 
quickly washed out from the catalyst and 
therefore have to be constantly replaced. The 
solution of propargyl alcohol thus produced 
consequently contains halides which con- 
siderably disturb further processing par- 
[Price 25p] 



ticularly of the butynediol formed as a by- 
product, for example by hydrogenadon. 

We have now found that the production of 
propargyl alcohol by reaction of formalde- 
hyde with acetylene, preferably in the pres- 
ence of an organic solvent for acetylene, at 
elevated temperature and at superatmos- 
pheric pressure in the presence of copper 
acetylide supported on a carrier can be 
carried out more advantageously than hither- 
to when the reaction is carried out in a 
plurality of successive stages, a molar ratio 
of dissolved acetylene to propargyl alcohol 
of from 1.1:1 to 15:1 being maintained in 
the second and in the subsequent reaction 
stages, if any. 

The new process has the advantage that 
good yields of propargyl alcohol can be 
obtained. Moreover the solution of propargyl 
alcohol prepared as a rule contains only very 
small amounts of formaldehyde so that the 
processing of the propargyl alcohol is greatly 
simplified. Moreover the reaction mixture 
does not as a rule contain any halides of 
other substances which might disturb fur- 
ther processing. 

The formaldehyde is generally used in the 
form of a aqueous solution, advantageously 
diluted with an organic solvent for acetylene 
which is miscible with the aqueous formalde- 
hyde. The concentration of formaldehyde in 
the solution is advantageously 1 to 25%, par- 
ticularly 2 to 15%, by weight with reference 
to the whole of the mixture. It is also pos- 
sible to use paraformaldehyde or polyoxy- 
methylene in suspension or solution instead 
of the aqueous formaldehyde solution. The 
reaction is preferably carried out in the 
presence of a solvent for acetylene. Those 
solvents for acetylene are preferred which 
under the reaction conditions will absorb 
more than 2 cm 8 of gaseous acetylene per 
cm 8 of solvent. Examples of suitable solvents 
are cyclic ethers such as tetrahydrofuran, 
dimethyltetrahydrofuran, hexamethylene 
oxide or dioxane; lactones such as butyrol- 
actone; disubstituted amides such as N- 
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methylpyrroHdone and dimethyl fonnamide; acetylene is fed through a compressor 9 and 
acetals such as formaldehyde dimethyl acetal; gas preheater 10 into a stabilizing zone 11 
and alcohols such as methanol. Lactones filled with Raschig rings. Formaldehyde solu- 
having five to seven ring members are pre- tion and acetylene are passed cocurrently 
5 ferred as solvents. over the fixed-bed catalyst and the reaction 70 

The reaction is advantageously carried out mixture is separated into a gaseous phase 
at temperatures of 70° to 1 50 °C, particularly and a liquid phase in a high pressure separ- 
of 80° to 130°C. Hie reaction takes place at ator 3 downstream of the same. The gaseous 
superatmospheric pressure. It is advan- constituents are returned to the gas preheater 
10 tageous to use pressures of up to 60 10 through a cooler 7 and a gas circulation 75 
atmospheres partial pressure of acetylene, pump 8. The liquid constituents are dis- 
Higher pressures may be produced by fore- charged from the high pressure separator 3 
ing in an inert gas such as nitrogen. It is through a valve 4 and passed through a 
preferred to carry out die reaction at cooler 5 into a separator 6 whence the re- 
15 pressures of up to 500 atmospheres and it is action solution is forced into the second 80 
advantageous to ensure that a gas phase does stage. The following stages are constructed 
not form in the reaction vessel. Copper in the same way. Jropargyl alcohol is 
acetylide on a carrier is used as the catalyst, isolated, for example by fractional distilla- 
Examples of suitable carriers are silica gel, tion, from the reaction mixture obtained 
20 pumice or active carbon. The supported after from two to five reaction stages. 85 
catalysts advantageously contain 8 to 25% It is also possible to cany out the process 
of copper acetylide with reference to the in a liquid phase, i.e. without maintaining a 
sum of carrier and copper acetylide. Pre- gas phase in the reactor, 
ferred catalysts contain not only copper According to a preferred embodiment 
25 acetylide but also additives such as bismuth (shown diagrammatically in Figure 2) for- 90 
oxide in an amount of from 10 to 40% by maldehyde solution (with or without a suit- 
weight with reference to the content of able solvent) is metered through a pump 12 
copper acetylide: and acetylene through a pump 13 into a 

An essential feature of the invention is cooled saturator 14. Pump 15 withdraws 
30 carrying out the reaction in a plurality of from the saturator 14 such an amount of re- 95 
successive stages; it is advantageous to use action solution that a constant level is main- 
two to five, particularly three or four, succes- tained and meters it into the bottom of a 
sive reaction stages. The reaction in the in- reaction tube 16 which is filled with the 
dividual stages is advantageously carried out catalyst described. Conditions are correlated 
35 in such a way that fresh acetylene is supplied so that no gas phase is present in the reaction 100 
to each reaction stage separately. It is tube 16. The said reaction temperature and 
advantageous to introduce 0.5 to 150, par- pressure is maintained in the reaction tube 
ticularly 1 to 60, moles of dissolved acetylene 16. The reaction solution passes through a 
into each individual reaction stage for each pressure maintaining valve 17 into a separ- 
40 mole of formaldehyde present ator 18 in which the gaseous constituents are 105 

Another essential feature of the invention separated. The reaction solution is passed 
is the use in the second stage and in the from the separator 18 into the following re- 
subsequent stages, if any, of an amount of action stages which are constructed in the 
feed acetylene such that a molar ratio of dis- same way as the first reaction stage. Natur- 
45 solved acetylene to propargyl alcohol present ally in the following reaction stages the 110 
of 1.1:1 to 15:1, particularly 6:1 to 15:1, reaction solution discharged from the preced- 
is maintained. It is advantageous to select the ing stage is used instead of formaldehyde 
reaction conditions so that in the second stage solution. 

and in the subsequent stages, if any, less than Propargyl alcohol prepared by the process 

50 4, preferably less than 2, moles of formalde- according to this invention is a starting 115 
hyde is present for each mole of propargyl material for the production of pest control 
alcohol. agents and of 2-aminopyrimidine which is 

The process according to the invention used in the synthesis of pharmaceuticals (see 
may be carried out for example by passing Liebigs Annalen 596, Athinylierung (Ethyny- 

55 the formaldehyde solution and the acetylene lation), page 99). 120 
concurrently downwards over a fixed-bed The invention is illustrated by the follow- 
catalyst. ing Examples in which parts are by weight 

A diagrammatic drawing of apparatus suit- unless otherwise stated. TTiey bear the same 
able for this method is shown in Figure 1. relation to parts by volume as the kilogram 

60 Formaldehyde solution preheated to the re- to the liter. 125 
action temperature and having the specified Example 1 

concentration and composition is metered by 800 parts by volume of a mixture contain- 
a feed pump 1 into the upper portion of a ing 8% by weight of formaldehyde, 12% by 
reaction tube 2 in which the said catalyst is weight of water and 80% by weight of 

65 arranged in a fixed bed. At the same time hutyrolactone is m«*ered per hour into a 130 
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7.8% by weight of propargy] 1 alcohol, 2.44% 
by weight of WyneBiol and 0.41% by weight 
of formaldehyde. The yield with reference to 
formaldehyde is 94% of the theory. Sufficient 
5 acetylene is introduced into the second re- 
action stage to maintain a molar ratio of dis- 
solved acetylene to propargyl alcohol of from 
1.1:1 to 15:1. 

WHAT WE CLAIM IS:— 

10 1. A process for the production of pro- 
pargyl alcohol by reaction of formaldehyde 
with acetylene at elevated temperature and at 
superatmospheric pressure in the Presence of 
copper acetylide supported on a earner 

15 wherein the reaction is earned out in a 
plurality of successive stages and a molar 
ratio of dissolved acetylene to propargyl 
alcohol of from 1.1 : 1 to 15: 1 is maintained 
in the second reaction stage and in the foi- 

20 lowing reaction stages, if any. , , m 
2 A process as claimed m claim 1 wnere- 
in a 1 to 25% by weight aqueous solution of 
formaldehyde is used. . 
3. A process as claimed in claim 1 or i 

25 wherein the reaction is earned out in toe 
presence of a solvent for acetylene which 
under the reaction conditions absorbs more 
than 2 cm' of gaseous acetylene per cm' of 

30 S0 4 el A process as claimed in any of claims 
1 to 3 wherein a lactone having from five to 
seven ring members is used as a solvent 

5 A process as claimed in any of claims 
1 to 4 carried out at a temperature of from 

35 ?0° toj 5 ^^ as claim ed in any of claims 
1 to 5 wherein an acetylene partial pressure 
of up to 60 atmospheres is used. 
7. A process as claimed m any of claims 



1 to 6 wherein a total pressure of up to 500 
atmospheres is used. , , ■__ 

8. A proceses as clanned m any of claims 
1 to 7 wherein the reaction is earned out m 
a reaction zone where there is no gas phase 
present ^ ^ (iaime ^ m my 0 f claims 
1 to 8 wherein the supported catalyst con- 
tains from 8 to 25% by weight of copper 
acetylide with reference to the sum of earner 
and copper acetylide. , . 

10 A process as claimed in any of claims 
1 to 9 wherein the supported catalyst con- 
tains copper acetylide and 10 to 40% by 
weight of bismuth oxide with reference to 
the content of copper acetylide. 

11. A process as claimed in any of claims 
1 to 10 wherein from two to five successive 

reaction stages are used. . , . c 

12. A process as claimed many of claims 

1 to 11 wherein from 05 mole to 150 moles 
of dissolved acetylene is used per mole ot 
formaldehyde present in every reaction 

it A process as claimed in any of claims 
1 to 12 wherein from 1 to 60 moles of dis- 
solved acetylene is used in every reaction 
stage per mole of formaldehyde present 

14 A process as claimed in claim l 
carried out substantially as desenbed m any 
of the foregoing Examples. . 

15. Propargyl alcohol when obtained by 
the process claimed in any of claims 1 to it. 

J. Y. & G. W. JOHNSON, 

Furnival House, 
14-18 High Holborn, 

London, W.C1. 
Chartered Patent Agents, 
Agents for the Applicants. 
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vertical tube having a capacity of 3000 parts 
by volume (cf . Figure 1) which contains 2500 
parts by volume of a catalyst consisting of 
15% by weight of copper acetylide and 4% 
5 by weight of bismuth oxide on silica frag- 
ments having a diameter of 3 to 8 mm. At 
the same time acetylene at superatmospheric 
pressure is passed into the top of the reaction 
tube so that a pressure of 12.5 atmospheres 
10 gauge and a temperature of 95 °C are main- 
tained in the reaction tube. The reaction 
solution is freed from gaseous constituents in 
a separator 3 (C8 Figure 1). It contains 
2.29% by weight of formaldehyde and 4.1% 
15 by weight of propargyl alcohol. This solution 
is reacted in a second reaction tube under 
the same reaction conditions. After the 
second reaction stage, the reaction solution 
contains 0.85% by weight of formaldehyde 
20 and 4.8% by weight of propargyl alcohol. 
The reaction product from the second re- 
action tube is reacted with acetylene in the 
third reaction tube under the same condi- 
tions as in the preceding stages. From the 
25 third reaction tube a product is obtained con- 
taining 5.14% by weight of propargyl alcohol, 
7% by weight of butynediol and 0.30% by 
weight of formaldehyde. Sufficient acetylene 
is introduced into the second and third re- 
30 action tubes to maintain the molar ratio of 
dissolved acetylene to propargyl alcohol 
within the range 1.1: 1 to 15 : 1. 

Example 2 
The procedure of Example 1 is followed 
35 but the feed is a solution consisting of 6% 
by weight of formaldehyde, 9% by weight of 
water and 85% by weight of butyrolactone 
and the reaction is carried out in only two 
successive reaction tubes. From the first re- 
40 action tube a solution is obtained which con- 
tains 3.85% by weight of propargyl alcohol 
and 1.19% by weight of formaldehyde. From 
the second reaction tube a solution is 
obtained which contains 4.31% by weight of 
45 propargyl alcohol, 4.7% by weight of 
butynediol and 0.29% by weight of formal- 
dehyde. Sufficient acetylene is introduced in- 
to the second reaction tube to maintain a 
molar ratio of dissolved acetylene to pro- 
50 pargyl alcohol of from 1.1 : 1 to 15 : 1. 

Example 3 
The procedure described in Example 1 is 
followed but the feed used is 400 parts by 
volume of a solution consisting of 10% by 
55 weight of formaldehyde, 40% by weight of 
water and 50% by weight of methanol. The 
reaction mixture is passed through three 
successive reaction tubes. After the first re- 
action tube the solution contains 4.17% by 
60 weight of propargyl alcohol and 3.27% by 
weight of formaldehyde and after the second 
reaction tube 4.86% by weight of propargyl 
alcohol and 1.32% by weight of formalde- 
hyde. The solution discharged from the third 
65 reaction tube contains 5.1% by weight of 



propargyl alcohol and 0.36% by weight of 
formaldehyde. Sufficient acetylene is intro- 
duced into the second and third reaction 
tubes to maintain a molar ratio of dissolved 
acetylene to propargyl alcohol of from 1.1 : 1 70 
to 15:1. 

Example 4 
500 parts by volume of a 3.7% by weight 
aqueous formaldehyde solution per hour and 
such an amount of acetylene is passed into a 75 
cooled mixing vessel having a capacity of 
2400 parts by volume (cf . Figure 2) that a 
pressure of 25 atmospheres is maintained. At 
the same time such an amount of reaction 
solution is withdrawn through a pump from 80 
the mixing vessel that it is constantly three- 
quarters full. The reaction solution is 
metered into the bottom of a vertical re- 
action tube having a capacity of 1000 parts 
by volume which is charged with a catalyst 85 
consisting of 12% of copper acetylide and 
4% by weight of bismuth oxide on silica 
fragments and which is kept at an internal 
temperature of 95 °C. No gas phase is 
allowed to form in the reaction tube. The 90 
reaction solution is passed from the top of 
the reaction tube through a constant-pressure 
valve adjusted to 200 atmospheres into a gas 
separator and freed from gaseous con- 
stituents. The reaction solution obtained con- 95 
tains 0.95% by weight of formaldehyde and 
2.7% by weight of propargyl alcohol. It is 
reacted with fresh acetylene in a second re- 
action stage of the same type under the 
same reaction conditions. The reaction solu- 100 
tion contains 3.1% by weight of propargyl 
alcohol, 2.6% of butynediol and 0.24% by 
weight of unreacted formaldehyde after the 
second stage. Sufficient acetylene is intro- 
duced into the second reaction stage to main- 105 
tain a molar ratio of dissolved acetylene to 
propargyl alcohol of from 1.1:1 to 15:1. 

Comparison Example: The procedure of 
Example 4 is followed but only the first stage 
of the reaction is used, the residence time 110 
being doubled. The reaction product contains 
2.68% by weight of propargyl alcohol, 2.6% 
by weight of butynediol and 0.43% by weight 
of formaldehyde. 

Example 5 115 
The procedure described in Example 4 is 
followed but 400 parts by volume per hour 
of a solution consisting of 6.3% by weight of 
formaldehyde, 23.7% by weight of water and 
70% by weight of butyrolactone is metered 120 
in. An acetylene pressure of 20 atmospheres 
is maintained in the mixing vessel 14, each 
liter of formaldehyde solution absorbing 250 
liters of acetylene. From the first reaction 
tube, a solution is obtained which contains 125 
6.38% by weight of propargyl alcohol and 
1.32% by weight of formaldehyde. After the 
solution thus obtained has passed under 
identical conditions through an identical 
apparatus (Figure 2), the solution contains 130 
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